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(57) ABSTRACT 

A transmission includes a transmission case accommodating 
a planetary gear mechanism, a traveling speed change mecha 
nism, a differential gear mechanism and a PTO clutch mecha 
nism, and supporting an HST. The HST is connected to a ?rst 
end Wall of the transmission case positioned on one side in a 
vehicle longitudinal direction in a state that its HST output 
shaft is positioned its HST input shaft. A plurality of traveling 
rotational shafts forming a traveling transmission path are 
positioned coaxially With the HST output shaft, or on a ?rst 
side of the HST output shaft in a vehicle Width direction and 
beloW the HST output shaft. A plurality of PTO rotational 
shafts forming the PTO transmission path are positioned 
coaxially With or beloW the HST input shaft. 

9 Claims, 15 Drawing Sheets 
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TRANSMISSION 

FIELD OF THE INVENTION 

The present invention relates to a transmission applied to a 
Working vehicle such as a tractor. 

BACKGROUND ART 

A transmission of a vehicle, Which has a traveling trans 
mission path for transmitting poWer from a driving poWer 
source to a pair of left and right main driving Wheels and a 
PTO transmission path for transmitting poWer from the driv 
ing poWer source to a PTO shaft, has been conventionally 
knoWn. 

For example, a prior document I mentioned beloW dis 
closes a transmission in Which the traveling transmission path 
is formed by an HST operatively connected to the driving 
poWer source, a planetary gear mechanism respectively 
receiving constant- speed rotational poWer and variable-speed 
rotational poWer from a pump shaft and a motor shaft of the 
HST, a traveling gear speed change mechanism receiving a 
rotational poWer output from the planetary gear mechanism 
and a differential gear mechanism disposed on a doWnstream 
side of the traveling gear speed change mechanism in a 
poWer-poWer-transmitting direction. 

The transmission is effective in terms of transmission e?i 
ciency because a part of the poWer transmitted through the 
traveling transmission path is not converted to hydraulic pres 
sure. 

HoWever, the transmission leaves a room for improvement 
With respect to compact arrangement of the traveling trans 
mission mechanism and the PTO transmission mechanism. 
A prior document 2 discloses a transmission including a 

transmission case, an HST connected to a front surface of the 
transmission case, and a traveling gear speed change mecha 
nism, a differential gear mechanism, a PTO clutch mecha 
nism and a PTO gear speed change mechanism that are dis 
posed in the transmission case, the transmission having a 
traveling transmission path for transmitting poWer from an 
output shaft of the HST to a pair of main driving Wheels via 
the traveling gear speed change mechanism and the differen 
tial gear mechanism, and a PTO transmission path for trans 
mitting poWer from an input shaft of the HST to a PTO shaft 
via the PTO clutch mechanism and the PTO gear speed 
change mechanism. 

The conventional transmission is con?gured to respec 
tively arrange the traveling transmission path and the PTO 
transmission path on left and right sides in a front vieW in 
order to prevent the transmission paths from being interfered 
With each other. HoWever, the transmission leaves a room for 
improvement With respect to doWnsiZing of the transmission 
as a Whole. 

In other Words, in the above conventional transmission, the 
PTO transmission path is formed by the HST input shaft 
disposed vertically above the HST output shaft, a PTO speed 
change shaft disposed on a loWer and a right side of the HST 
input shaft in a front vieW, an interlocking shaft and a mid 
PTO shaft disposed in order beloW the PTO speed change 
shaft, and a rear PTO shaft disposed above the PTO speed 
change shaft. This arrangement causes a problem that the 
overall transmission becomes large, especially in a vertical 
direction. 

Further, the traveling transmission path in the above con 
ventional transmission includes the HST output shaft dis 
posed vertically beloW the HST input shaft, a traveling speed 
change shaft disposed on a upper side and a left side of the 
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2 
HST output shaft in a front vieW, a reduction gear for reducing 
speed of rotational poWer of the traveling speed change shaft 
and transmitting it to the differential gear mechanism, a trav 
eling transmission shaft disposed beloW the traveling speed 
change shaft, and a front-Wheel driving shaft disposed on a 
left side of the traveling speed change shaft in a front vieW. 
HoWever, the arrangement causes a dead space on an upper 
side of the traveling speed change shaft and on a left side of 
the HST input shaft in a front vieW. As a result, the transmis 
sion is not enough in terms of doWnsiZing. 

In consideration of the conventional arts, it is an object of 
a ?rst aspect of the present invention to provide a transmission 
of a vehicle, Which includes a traveling transmission path for 
transmitting poWer from a driving poWer source to a pair of 
left and right main driving Wheels via an HST, a traveling gear 
speed change mechanism and a differential gear mechanism, 
and a PTO transmission path for outputting poWer from the 
driving poWer source outside via a PTO clutch mechanism, 
the transmission being capable of accommodating transmis 
sion mechanisms forming the traveling transmission path and 
the PTO transmission path in a compact manner. 

Moreover, the prior document 2 proposes a transmission 
including the transmission case, the HST connected to one 
end surface of the transmission case, and the traveling trans 
mission mechanism and the PTO transmission mechanism 
positioned on a doWnstream side of the HST and accommo 
dated in the transmission case, the transmission being capable 
of draWing oil stored in the transmission case through a suc 
tion ?lter provided at the one end surface of the transmission 
case. 

The oil stored in the transmission case can be utiliZed as an 

oil source of charge oil for the HST forming a part of the 
traveling transmission mechanism, for example. Therefore, a 
separate oil tank can be eliminated or reduced in siZe. 

Incidentally, the transmission including the traveling trans 
mission mechanism and the PTO transmission mechanism as 
described above may be provided With a sub-traveling output 
shaft and a sub-PTO shaft in addition to a main traveling 
output shaft and a main PTO shaft according to its speci?ca 
tion. 

With regard to this point, the prior document 2 discloses a 
con?guration in Which a front-Wheel poWer takeoff shaft 
functioning as the-sub traveling output shaft and a mid PTO 
shaft functioning as the sub-PTO shaft are provided at the one 
end surface of the transmission case to Which the HST is 
connected. 
As described above, although there is proposed the con 

?guration that the HST, the sub-starveling output shaft, the 
sub-PTO shaft and the suction ?lter are provided at the same 
Wall surface of the transmission case, no consideration is 
given to e?icient arrangement of them. 

Speci?cally, if the HST, the sub-traveling output shaft, the 
sub-PTO shaft and the suction ?lter are provided at the same 
Wall surface of the transmission case, it is needed to take into 
consideration interference betWeen transmission shafts and a 
conduit that are connected thereto. HoWever, this vieWpoint is 
not suf?ciently taken into consideration in the prior art. 

In consideration of the conventional part, it is an object of 
a second aspect of the present invention to provide a trans 
mission of a vehicle, Which includes a traveling transmission 
mechanism having an HST, a PTO transmission mechanism 
having a PTO clutch mechanism, and a transmission case that 
is capable of storing oil therein and that has one end Wall to 
Which the HST, a sub-traveling output shaft, a sub-PTO shaft 
and a suction ?lter are provided, the transmission alloWing 
transmission shafts connected to the HST, the sub-traveling 
output shaft and the sub -PTO shaft and a conduit connected to 
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the suction ?lter to be arranged Without dif?culty While pre 
venting the transmission case from being enlarged. 

Furthermore, the transmission described in the prior docu 
ment 1 includes, in addition to the traveling transmission 
mechanism and the PTO transmission mechanism, an auxil 
iary pump transmission mechanism for transmitting the 
poWer from the driving poWer source to an auxiliary pump 
main body. 

To put it more speci?cally, he conventional transmission is 
con?gured so that the HST is connected to a front Wall of the 
transmission case and poWer transmission to the auxiliary 
pump main body supported at a rear Wall of the transmission 
case is performed through an auxiliary pump transmission 
shaft disposed coaxially With a pump shaft of the HST. 

In the conventional transmission, the auxiliary pump trans 
mission shaft and various PTO rotational shafts forming the 
PTO transmission mechanism extend above a pair of differ 
ential output shafts in the differential gear mechanism and in 
a longitudinal direction of the vehicle. 

Therefore, in order to avoid interference betWeen the aux 
iliary pump transmission shaft and the PTO rotational shafts 
With the differential gear mechanism, it is needed that the 
HST and the differential gear mechanism are displaced in a 
Width direction of the vehicle, resulting in enlargement of the 
transmission case in the Width direction of the vehicle. 

In consideration of the above conventional art, it is an 
object of a third aspect of the present invention to provide a 
transmission of a vehicle, Which includes an HST, a traveling 
gear speed change mechanism, a differential gear mecha 
nism, a PTO clutch mechanism, an auxiliary pump unit, and 
a transmission case Which accommodates the traveling gear 
speed change mechanism, a differential gear mechanism and 
a PTO clutch mechanism, the transmission case including a 
?rst end Wall Which is positioned on one side in a longitudinal 
direction of the vehicle and to Which the HST is connected 
and a second end Which is positioned on the other side in the 
longitudinal direction of the vehicle, to Which the auxiliary 
pump unit is connected and from Which a main PTO shaft is 
extended outWard, the transmission being capable of effec 
tively arranging a transmission shaft along the vehicle longi 
tudinal direction so as to be astride the differential gear 
mechanism to thereby doWnsiZe the transmission case as 
much as possible. 

The transmission described in the prior document 1 also 
leaves a room for improvement With respect to compact 
arrangement of the traveling transmission mechanism and the 
PTO transmission mechanism. 

Speci?cally, in the conventional transmission, the HST is 
disposed on one side of the differential gear mechanism in the 
longitudinal direction of the vehicle and poWer transmission 
to the differential gear mechanism is performed from the 
other side in the longitudinal direction of the vehicle. 

The arrangement causes a plurality of traveling rotational 
shafts and PTO rotational shafts to extend in the longitudinal 
direction of the vehicle above the differential gear mecha 
nism. As a result, it becomes dif?cult to install a brake oper 
ating shaft and a differential lock operating shaft, Which are 
disposed to be along the Width direction of the vehicle. 

In consideration of the conventional art, it is an object of a 
fourth aspect of the present invention to provide a transmis 
sion that includes a traveling transmission mechanism having 
an HST, a planetary gear mechanism, a traveling gear speed 
change mechanism and a differential gear mechanism, and a 
PTO transmission mechanism having a PTO clutch mecha 
nism, the transmission being capable of securing a free space 
as large as possible above the differential gear mechanism 
Without enlarging a transmission case. 
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4 
It is desired that the transmission having the traveling 

transmission mechanism and the PTO transmission mecha 
nism as described in the prior document 1 is adaptable to 
various speci?cations according to the type of usage. 

Speci?cally, it is desired that the transmission is adaptable 
to, for example, one speci?cation having the sub-PTO shaft in 
addition to the main PTO shaft and another a speci?cation in 
Which a rotational direction of the main PTO shaft can be 
changed While using common components as much as pos 
sible. 

HoWever, there is no transmission made in consideration of 
such vieWpoints. 

In consideration of the above conventional art, it is an 
object of a ?fth aspect of the present invention to provide a 
transmission of a vehicle, Which includes a traveling trans 
mission path for transmitting poWer from a driving poWer 
source to a pair of left and right main driving Wheels via an 
HST, a traveling gear speed change mechanism and a differ 
ential gear mechanism, and a PTO transmission path for 
outputting poWer from the driving poWer source outside from 
a main PTO shaft via a PTO clutch mechanism, the transmis 
sion being capable of easily changing one speci?cation in 
Which poWer output to the outsides could be performed a 
sub-PTO shaft in addition to the main PTO shaft to/from 
another speci?cation in Which a rotational direction of the 
main PTO shaft could be changed. 
Prior document 1: Japanese Patent Application Laid-open 

No. 2003-207021 
Prior document 2: Japanese Patent No. 3636594 

DISCLOSURE OF THE INVENTION 

The ?rst aspect of the present invention provides, in order 
to achieve the object, a transmission of a vehicle including a 
traveling transmission path in Which driving poWer is trans 
mitted from an driving poWer source to a pair of right and left 
main driving Wheels through an HST, a traveling gear speed 
change mechanism and a differential gear mechanism, and a 
PTO transmission path in Which driving poWer transmitted 
from the driving poWer source is output outside through a 
PTO clutch mechanism, the transmission including a trans 
mission case accommodating the traveling gear speed change 
mechanism, the differential gear mechanism and the PTO 
clutch mechanism, and supporting the HST, Wherein the HST 
is supported on a ?rst end Wall of the transmission case 
positioned on one side in a vehicle longitudinal direction in a 
state that an HST output shaft is positioned above an HST 
input shaft, a plurality of traveling rotational shafts forming 
the traveling transmission path and disposed along the vehicle 
longitudinal direction are positioned coaxially With the HST 
output shaft, or on a ?rst side of the HST output shaft in a 
vehicle Width direction and beloW the HST output shaft, and 
a plurality of PTO rotational shafts forming the PTO trans 
mission path and disposed along the vehicle longitudinal 
direction are positioned coaxially With or beloW the HST 
input shaft. 

According to the con?guration, it is possible to achieve an 
effective arrange in Which the traveling gear speed change 
mechanism and the differential gear mechanism forming the 
traveling transmission path are put together in one space 
Within the transmission case and in Which the PTO clutch 
mechanism forming the PTO transmission path is put 
together in another space Within the transmission case, 
thereby compacting the transmission case. 

In one embodiment, the transmission may further include a 
planetary gear mechanism accommodated in the transmission 
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case and disposed between the HST and the traveling gear 
speed change mechanism so as to form a part of the traveling 
transmission path. 

In a ?rst embodiment, the traveling rotational shafts may 
include a planetary output shaft operatively connected to an 
output portion of the planetary gear mechanism that com 
bines rotational poWer of the HST output shaft and the HST 
input shaft, the planetary output shaft being positioned coaxi 
ally With the HST output shaft, a traveling transmission shaft 
displaced from the planetary output shaft to the ?rst side in the 
vehicle Width direction, and a traveling speed change shaft 
operatively connected to the traveling transmission shaft 
through the traveling gear speed change mechanism and 
transmitting rotational poWer to an input ring gear of the 
differential gear mechanism, the traveling speed change shaft 
being positioned beloW the traveling transmission shaft so as 
to be positioned substantially at the same height as a pair of 
differential output shafts of the differential gear mechanism. 

The PTO rotational shafts may include a PTO input shaft 
positioned coaxially With and relatively non-rotatable around 
its axis line to the HST input shaft, a PTO clutch shaft opera 
tively connected to the PTO input shaft through the PTO 
clutch mechanism and positioned beloW the PTO input shaft 
and on a second side of the PTO input shaft in the vehicle 
Width direction, the second side being opposite to the ?rst side 
in the vehicle Width direction, a main PTO transmission shaft 
operatively connected to the PTO clutch shaft and positioned 
beloW and on the ?rst side of the PTO clutch shaft in the 
vehicle Width direction, and a main PTO shaft operatively 
connected to the main PTO transmission shaft and supported 
by a second end Wall of the transmission case positioned on a 
side opposite to the ?rst end Wall in the vehicle longitudinal 
direction so as to extend outWard from the second end Wall. 

The main PTO transmission shaft extends along the vehicle 
longitudinal direction at a position beloW the pair of differ 
ential output shafts. 

In a second embodiment, the transmission may further 
include a planetary gear mechanism accommodated in the 
transmission case and disposed betWeen the HST and the 
traveling gear speed change mechanism so as to form a part of 
the traveling transmission path, and a PTO gear speed change 
mechanism accommodated in the transmission case and 
forming a part of the PTO transmission path. 

In the second embodiment, the traveling rotational shafts 
may include a planetary output shaft operatively connected to 
an output portion of the planetary gear mechanism that com 
bines rotational poWer of the HST output shaft and the HST 
input shaft, the planetary output shaft being positioned coaxi 
ally With the HST output shaft, a traveling transmission shaft 
displaced from the planetary output shaft to the ?rst side in the 
vehicle Width direction, and a traveling speed change shaft 
operatively connected to the traveling transmission shaft 
through the traveling gear speed change mechanism and 
transmitting rotational poWer to an input ring gear of the 
differential gear mechanism, the traveling speed change shaft 
being positioned beloW the traveling transmission shaft so as 
to be positioned substantially at the same height as a pair of 
differential output shafts of the differential gear mechanism. 

The PTO rotational shafts may include a PTO input shaft 
positioned coaxially With and relatively non-rotatable around 
its axis line to the HST input shaft, a PTO clutch shaft opera 
tively connected to the PTO input shaft through the PTO 
clutch mechanism and positioned beloW and on a second side 
of the PTO input shaft in the vehicle Width direction, the 
second side being opposite to the ?rst side in the vehicle Width 
direction, a PTO speed change shaft operatively connected to 
the PTO clutch shaft through the PTO gear speed change 
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6 
mechanism and positioned beloW and on the ?rst side of the 
PTO clutch shaft in the vehicle Width direction, and a main 
PTO shaft operatively connected to the PTO speed change 
shaft and supported by a second end Wall of the transmission 
case positioned on a side opposite to the ?rst end Wall in the 
vehicle longitudinal direction so as to extend outWard from 
the second end Wall. 
The PTO speed change shaft is positioned beloW the pair of 

differential output shafts of the differential gear mechanism, 
and the main PTO shaft is operatively connected to the PTO 
speed change shaft through a main PTO transmission shaft, 
Which is positioned coaxially With and connected in a rela 
tively non-rotatable manner around its axis line to the PTO 
speed change shaft and Which passes over the pair of differ 
ential output shafts beloW the output shafts. 

In the second embodiment, the traveling rotational shafts 
may include a sub-traveling output shaft operatively con 
nected to and positioned beloW the traveling speed change 
shaft, the sub-traveling output shaft extending outWard from 
the ?rst end Wall. 

For example, the PTO rotational shafts may include a PTO 
idle shaft positioned beloW the PTO clutch shaft and on the 
second side of the PTO speed change shaft in the vehicle 
Width direction so as to be operatively connected to both the 
PTO clutch shaft and the PTO speed change shaft. 
The sub-traveling output shaft is positioned loWest among 

the traveling rotational shafts. 
Alternatively, the PTO rotational shafts may include a sub 

PTO shaft positioned on the second side of the PTO speed 
change shaft in the vehicle Width direction and operatively 
connected to the PTO speed change shaft, the sub-PTO shaft 
extending outward from the ?rst end Wall. 

In the alternative con?guration, the sub-traveling output 
shaft is positioned loWest among the traveling rotational 
shafts, and the sub-PTO shaft is positioned loWest among the 
PTO rotational shafts. 
The second aspect of the present invention provides, in 

order to achieve the object, a transmission With a transmission 
case having a ?rst end Wall to Which an HST and a suction 
?lter are connected and from Which a sub-traveling output 
shaft and a sub-PTO shaft extend outWard, Wherein the suc 
tion ?lter is connected to the ?rst end Wall so as to be posi 
tioned betWeen the sub-traveling output shaft and the sub 
PTO shaft With respect to a vehicle Width direction so that at 
least a part of the suction ?lter overlaps the HST in a plan vieW 
and so as to be positioned beloW the HST With respect to a 
vertical direction so that at least a part of the suction ?lter 
overlaps the sub -traveling output shaft and the sub -PTO shaft 
in a side vieW. 

According to the con?guration, it is possible to arrange 
transmission shafts connected to the HST, the sub-traveling 
output shaft and the sub-PTO shaft, and a conduit connected 
to the suction ?lter Without dif?culty While preventing the 
transmission case from being enlarged. 
The second aspect of the present invention also provides, in 

order to achieve the object, a transmission of a vehicle includ 
ing a traveling transmission path in Which driving poWer is 
transmitted from an driving poWer source to a pair of right and 
left main driving Wheels through an HST, a planetary gear 
mechanism, a traveling gear speed change mechanism and a 
differential gear mechanism, and a PTO transmission path in 
Which driving poWer transmitted through a PTO clutch 
mechanism from the driving poWer source is output outside; 
the planetary gear mechanism, the traveling gear speed 
change mechanism, the differential gear mechanism and the 
PTO clutch mechanism being accommodated in a transmis 
sion case that is capable of storing oil; the HST being sup 


















